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Clinical PerspectiveWhat Is New?This study examined whether physical activity is equally beneficial for prevention of incident cardiovascular disease in individuals at high cardiovascular risk compared with those at low cardiovascular risk, as assessed by the pooled cohort equation.Leisure‐time physical activity was significantly associated with lower risk of incident coronary heart disease, stroke, and total cardiovascular disease, independent of the pooled cohort equation risk score.In addition, leisure‐time physical activity was inversely associated with risk of cardiovascular disease, with risk reductions of similar magnitude, across groups of women, according to pooled cohort equation risk.What Are the Clinical Implications?The key finding from this study is that women with low as well as high cardiovascular risk can benefit from regular exercise.It is particularly important for clinicians to promote physical activity in women with high cardiovascular risk because their absolute rate of disease is high.This information is important not only for clinicians but also for informing future physical activity guidelines.

 {#jah33218-sec-0008}

The inverse association between physical activity and cardiovascular disease (CVD) is well established, with both moderate‐ to vigorous‐intensity exercise as well as brisk walking having cardiovascular benefits.[1](#jah33218-bib-0001){ref-type="ref"}, [2](#jah33218-bib-0002){ref-type="ref"}, [3](#jah33218-bib-0003){ref-type="ref"}, [4](#jah33218-bib-0004){ref-type="ref"} Furthermore, this inverse association has been shown in various high‐risk subgroups, including older adults, current smokers, and adults with diabetes mellitus (DM), hypercholesterolemia, or hypertension.[2](#jah33218-bib-0002){ref-type="ref"}, [3](#jah33218-bib-0003){ref-type="ref"}, [5](#jah33218-bib-0005){ref-type="ref"}, [6](#jah33218-bib-0006){ref-type="ref"}, [7](#jah33218-bib-0007){ref-type="ref"}, [8](#jah33218-bib-0008){ref-type="ref"}, [9](#jah33218-bib-0009){ref-type="ref"}, [10](#jah33218-bib-0010){ref-type="ref"} Although physical activity reduces CVD risk in people with and without single CVD risk factors, it is unclear if physical activity is equally beneficial for prevention of CVD among women with varying levels of global cardiovascular risk.

A recent study in Australian adults showed that recreational physical activity was significantly associated with reduced risk of CVD mortality after adjustment for the Framingham risk score and obesity.[11](#jah33218-bib-0011){ref-type="ref"} Another study conducted in the WHI‐OS (Women\'s Health Initiative Observational Study) recently found that recreational physical activity was the only lifestyle factor independently associated with incident CVD when added to traditional risk factor models (variables from the pooled cohort equation \[PCE\] and Reynolds risk score \[RRS\]).[12](#jah33218-bib-0012){ref-type="ref"} Although these studies provide evidence that physical activity is inversely associated with CVD independent of traditional cardiovascular risk factors, neither study examined whether the association differs according to level of risk. It is important to determine if the physical activity--CVD association differs by level of cardiovascular risk because if those at highest risk do not benefit from exercise, it is necessary to focus on other lifestyle factors or medications to decrease their risk of experiencing a cardiovascular event.

The purpose of this study was to determine whether level of global cardiovascular risk, as assessed by the PCE or the RRS, modifies the association between leisure‐time physical activity and incident CVD. In other words, we examined whether physical activity is equally beneficial for prevention of total CVD in individuals at high cardiovascular risk compared with those at low cardiovascular risk. In addition, we investigated coronary heart disease (CHD) and stroke separately as well as associations for walking specifically.

Methods {#jah33218-sec-0009}
=======

Study Population {#jah33218-sec-0010}
----------------

The WHS (Women\'s Health Study) is a completed randomized trial (1992--2004) testing aspirin and vitamin E for preventing CVD and cancer among 39 876 initially healthy, US female health professionals aged ≥45 years at study entry (1992--1995).[13](#jah33218-bib-0013){ref-type="ref"} After trial completion, 33 682 participants (88.6% of those alive) consented to be followed up in an observational study.[14](#jah33218-bib-0014){ref-type="ref"} At baseline, women reported on questionnaires their medical history and lifestyle characteristics, including physical activity, age, race/ethnicity, DM, blood pressure, blood pressure treatment, smoking status, and cholesterol‐lowering medications. Information on medical conditions and risk factors was updated yearly. Women provided written consent to participate, and the study was approved by the institutional review board of Brigham and Women\'s Hospital (Boston, MA). The data, analytical methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.

Women eligible for the current analysis were those who had complete ascertainment of plasma lipids as well as information on physical activity and other risk factors (n=27 536). Plasma samples were measured for total, low‐density, and high‐density lipoprotein cholesterol, high‐sensitivity C‐reactive protein, and hemoglobin A~1c~ (among diabetic people) in a core laboratory certified by the National Heart, Lung, and Blood Institute--Centers for Disease Control and Prevention Lipid Standardization Program.

Assessment of Leisure‐Time Physical Activity {#jah33218-sec-0011}
--------------------------------------------

Each participant reported average time per week during the previous year spent on 8 recreational activities: walking/hiking, jogging, running, bicycling, aerobic exercise/dance, lap swimming, tennis/squash/racquetball, and lower‐intensity exercise/yoga/stretching/toning.[3](#jah33218-bib-0003){ref-type="ref"} Number of flights of stairs climbed daily was also reported. A metabolic equivalent task (MET) score was assigned to each activity on the basis of its energy cost. One MET corresponds to an energy expenditure of ≈1 kcal/kg of body weight per hour; thus, energy expenditure in kilocalories per week was estimated by multiplying the MET score by body weight and hours per week. This assessment of physical activity has been shown to be valid and reliable[15](#jah33218-bib-0015){ref-type="ref"}; for example, the correlation between 4 1‐week activity diaries kept over 1 year and questionnaire estimates of physical activity was 0.62.

Physical activity was assessed at baseline and updated at months 36, 72, and 96 during the trial, at trial conclusion (120 months), and year 2 (144 months), year 4 (168 months), year 7 (204 months), and year 9 (228 months) of observational follow‐up.

Assessment of Level of Global Cardiovascular Risk {#jah33218-sec-0012}
-------------------------------------------------

Global cardiovascular risk was estimated on the basis of the recently developed PCE and the RRS. The PCE includes the following risk factors: age, total cholesterol, high‐density lipoprotein cholesterol, systolic blood pressure (including treated or untreated status), DM, and current smoking status.[16](#jah33218-bib-0016){ref-type="ref"} Participants were then categorized into 4 groups on the basis of their 10‐year risk of atherosclerotic CVD, as predicted by the PCE, as previously described[16](#jah33218-bib-0016){ref-type="ref"}: \<5%, 5% to \<7.5%, 7.5% to \<10%, and ≥10%. The RRS additionally includes high‐sensitivity C‐reactive protein, family history of premature myocardial infarction (MI; before 60 years of age), and hemoglobin A~1c~ among diabetic people only.[17](#jah33218-bib-0017){ref-type="ref"} Similarly, participants were also categorized into 4 groups on the basis of their predicted 10‐year risk of atherosclerotic CVD, according to the RRS[17](#jah33218-bib-0017){ref-type="ref"}: \<5%, 5% to \<10%, 10% to \<20%, and ≥20%.

Ascertainment of CVD {#jah33218-sec-0013}
--------------------

The primary end point for this analysis was incident CVD, which included MI, stroke, CVD death, coronary artery bypass graft surgery, or percutaneous coronary intervention. In addition, MI and stroke were examined separately. Women reported events on follow‐up questionnaires every 6 months during the first year or 12 months thereafter, and medical records were obtained to confirm self‐reports, as previously described.[13](#jah33218-bib-0013){ref-type="ref"} MI was confirmed according to World Health Organization criteria, diagnostic ECG changes, or elevated cardiac enzymes. Stroke was confirmed by diagnosis of a new neurological deficit of sudden or rapid onset lasting ≥24 hours that was attributable to a cerebrovascular event. Death was confirmed to be from cardiovascular causes on the basis of an examination of autopsy reports, death certificates, medical records, and information obtained from family members. The use of coronary artery bypass graft surgery or percutaneous transluminal coronary angioplasty was confirmed by a review of the medical records. This analysis included end points ascertained as of February 2013.

Statistical Analysis {#jah33218-sec-0014}
--------------------

All analyses were conducted using SAS, version 9.4 (SAS Institute Inc, Cary, NC) software. Eligible participants contributed person‐time from return of baseline questionnaires to the first diagnosis of CVD, death from any cause, unavailability for follow‐up, or February 2013.

We first examined the independent associations of PCE or RRS and leisure‐time physical activity with risk of incident CVD by including the risk score and physical activity simultaneously in the same model. Simple updated levels of physical activity, in which outcomes were predicted from the most recent questionnaire, were used. For example, events that occurred between baseline and 36 months were examined in relation to physical activity level reported on the baseline questionnaire; events from 36 to 72 months were examined in relation to the physical activity reported on the 36‐month questionnaire; and so forth. Physical activity data were carried forward for cycles where data were missing. We categorized women according to amount of energy expended: \<200, 200 to 599, 600 to 1499, and ≥1500 kcal/wk. Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for incident CHD, stroke, and total CVD as a function of PCE, RRS, or physical activity, adjusted for age (in years) and randomized treatment assignment (aspirin or vitamin E). In multivariable models, we additionally adjusted for smoking status (never, past, or current smoker); alcohol consumption (4 categories); saturated fat, fiber, and fruit and vegetable intake (quintiles); menopausal status (premenopausal or postmenopausal); postmenopausal hormone use (never, past, or current); and parent history of MI \<60 years of age (PCE and physical activity models only). Tests for linear trend were performed by modeling the median level of PCE, RRS, or physical activity in each category as a continuous variable. In a sensitivity analysis, we also examined the association between physical activity and total CVD after excluding coronary artery bypass graft surgery and percutaneous coronary intervention as end points.

To assess whether level of global cardiovascular risk modified the association between leisure‐time physical activity and incident CVD, we created a dichotomous variable for physical activity where women reporting ≥500 kcal/wk were categorized as active and women reporting \<500 kcal/wk were categorized as inactive. This cut point was chosen because, given the average weight of the women in this study, 500 kcal/wk is equivalent to meeting the current physical activity guidelines.[1](#jah33218-bib-0001){ref-type="ref"}, [18](#jah33218-bib-0018){ref-type="ref"} We then modeled risk of incident CVD as a function of physical activity within PCE categories and RRS categories. To test for interaction, participants were cross classified into 8 groups according to physical activity and PCE or RRS. The interaction was assessed by the difference in −2 log likelihood between the model containing the cross‐classified physical activity--CVD risk variables and the main effects model.

In addition to total leisure‐time activity, we also examined the association between walking and risk of incident CVD as well as whether this association was modified by level of global cardiovascular risk. We categorized women into approximate quartiles of time spent walking per week: 0 minutes, 1 to 59 minutes, 1 to 2.5 hours, and ≥2.5 hours. We also created a dichotomous walking variable (\<1 versus ≥1 h/wk) to examine effect modification by PCE or RRS, and the interaction was examined as previously described.

Results {#jah33218-sec-0015}
=======

During a median follow‐up of 19.1 years (interquartile range, 17.5--19.7 years), 1860 incident cases of total CVD, 458 incident cases of CHD, and 650 incident strokes were documented. The mean (SD) age of the study population at baseline was 54.7 (7.0) years. We examined PCE risk in relation to other potential risk factors for CVD at baseline (Table [1](#jah33218-tbl-0001){ref-type="table"}). In addition to higher levels of the risk factors that are included in the PCE model, women with higher PCE risk had higher body mass index, were less likely to drink alcohol, and reported less physical activity. Women with PCE risk \<5% reported a mean (SD) 976 (1245) kcal/wk of physical activity at baseline, whereas women with PCE risk ≥10% reported 855 (1216) kcal/wk.

###### 

Baseline Characteristics According to the PCE Among 27 536 Participants in the WHS

  Characteristics              PCE Category                             
  ---------------------------- -------------- ------------ ------------ ------------
  PCE                          1.9 (1.2)      6.1 (0.7)    8.6 (0.7)    15.6 (5.9)
  RRS                          1.5 (1.1)      4.8 (2.1)    7.0 (3.5)    13.3 (8.9)
  Physical activity, kcal/wk   976 (1245)     882 (1151)   901 (1174)   855 (1216)
  Age at randomization, y      52.3 (4.8)     60.2 (6.2)   63.1 (6.4)   66.8 (7.2)
  Body mass index, kg/m^2^     25.6 (4.9)     27.0 (5.2)   27.0 (5.0)   27.1 (5.3)
  Current smoker, %            7.0            27.0         28.9         30.7
  Parental history of MI, %    14.9           13.5         13.1         11.5
  Hypertension, %              18.7           42.3         50.5         72.3
  Hypercholesterolemia, %      25.8           46.0         47.7         54.6
  Diabetes mellitus, %         0.9            5.4          6.7          15.7
  Postmenopausal, %            45.1           80.7         88.6         92.3
  Hormone therapy, %           45.4           43.1         37.7         31.2
  Drink alcohol, %             57.6           51.2         49.1         46.7
  Saturated fat, g/d           19.6 (7.9)     20.3 (8.4)   19.7 (8.5)   19.5 (8.2)
  Fruit, servings/d            2.2 (1.5)      2.3 (1.9)    2.2 (1.5)    2.4 (1.7)
  Vegetables, servings/d       3.9 (2.6)      4.0 (2.8)    4.0 (2.6)    4.1 (2.6)
  Fiber, g/d                   19.0 (8.2)     19.1 (8.2)   19.1 (8.6)   19.7 (8.5)

All values are mean (SD) for continuous variables or frequencies for categorical variables. MI indicates myocardial infarction; PCE, pooled cohort equation; RRS, Reynolds risk score; WHS, Women\'s Health Study.

The association between PCE and incident CHD, stroke, and total CVD in these data is shown in Table [2](#jah33218-tbl-0002){ref-type="table"}. In multivariable‐adjusted models, women with PCE risk ≥10% had an HR of 7.06 (95% CI, 4.96--10.06) for CHD, 3.33 (95% CI, 2.43--4.57) for stroke, and 5.09 (95% CI, 4.24--6.12) for total CVD compared with women with PCE risk \<5%. Similarly, women with RRS ≥20% had an HR of 9.91 (95% CI, 6.52--15.08) for CHD, 3.22 (95% CI, 2.17--4.80) for stroke, and 7.66 (95% CI, 6.16--9.53) for total CVD compared with women with RRS \<5% (Table [S1](#jah33218-sup-0001){ref-type="supplementary-material"}). In addition, independent of PCE or RRS, there was a significant inverse association between leisure‐time physical activity and risk of CHD, stroke, and total CVD (Table [2](#jah33218-tbl-0002){ref-type="table"}). In multivariable‐adjusted models that included PCE, women who reported ≥1500 kcal/wk of physical activity compared with women reporting \<200 kcal/wk had an HR of 0.66 (95% CI, 0.51--0.86) for CHD, 0.72 (95% CI, 0.57--0.90) for stroke, and 0.71 (95% CI, 0.63--0.81) for total CVD. Results were similar for physical activity when multivariable models included RRS instead of PCE (HR for total CVD, 0.73; 95% CI, 0.64--0.83 comparing extreme categories). When treated as a dichotomous variable, the HR for ≥500 kcal/wk of physical activity (ie, meeting physical activity recommendations) was 0.64 (95% CI, 0.53--0.77) for CHD, 0.78 (95% CI, 0.66--0.91) for stroke, and 0.73 (95% CI, 0.66--0.80) for total CVD (Table [3](#jah33218-tbl-0003){ref-type="table"}). In sensitivity analyses, results were similar for PCE, RRS, and physical activity when coronary artery bypass graft surgery and percutaneous coronary intervention were not included in the total CVD end point (HRs comparing extreme categories were 4.83 \[95% CI, 3.86--6.05\] for PCE, 5.88 \[95% CI, 4.52--7.66\] for RRS, and 0.73 \[95% CI, 0.62--0.86\] for physical activity).

###### 

HRs (95% CIs) of CHD, Stroke, and Total CVD, According to PCE or Physical Activity Category

  Variable                     No. of Person‐Years (No. of Events)   Age‐ and Treatment‐Adjusted HR (95% CI)   Multivariable‐Adjusted HR (95% CI)[a](#jah33218-note-0004){ref-type="fn"}
  ---------------------------- ------------------------------------- ----------------------------------------- ---------------------------------------------------------------------------
  CHD                                                                                                          
  PCE                                                                                                          
  \<5%                         387 838 (189)                         1.00                                      1.00
  5%--\<7.5%                   41 470 (75)                           3.98 (2.97--5.33)                         2.92 (2.13--3.98)
  7.5%--\<10%                  22 345 (60)                           6.04 (4.33--8.43)                         4.28 (2.99--6.12)
  ≥10%                         29 336 (134)                          10.57 (7.79--14.36)                       7.06 (4.96--10.06)
  *P* value for trend          ...                                   \<0.0001                                  \<0.0001
  Physical activity, kcal/wk                                                                                   
  0--199                       121 156 (178)                         1.00                                      1.00
  200--599                     87 310 (87)                           0.61 (0.47--0.79)                         0.72 (0.55--0.93)
  600--1499                    129 465 (100)                         0.51 (0.40--0.65)                         0.64 (0.50--0.83)
  ≥1500                        143 058 (93)                          0.51 (0.40--0.66)                         0.66 (0.51--0.86)
  *P* value for trend          ...                                   0.0001                                    0.06
  Stroke                                                                                                       
  PCE                                                                                                          
  \<5%                         387 544 (301)                         1.00                                      1.00
  5%--\<7.5%                   41 452 (94)                           2.01 (1.55--2.60)                         1.81 (1.38--2.37)
  7.5%--\<10%                  22 351 (86)                           2.98 (2.24--3.98)                         2.65 (1.95--3.60)
  ≥10%                         29 432 (169)                          3.87 (2.92, 5.13)                         3.33 (2.43, 4.57)
  *P* value for trend          ...                                   \<0.0001                                  \<0.0001
  Physical activity, kcal/wk                                                                                   
  0--199                       120 712 (211)                         1.00                                      1.00
  200--599                     87 234 (141)                          0.85 (0.69--1.05)                         0.93 (0.75--1.15)
  600--1499                    129 707 (165)                         0.72 (0.59--0.88)                         0.81 (0.66--1.00)
  ≥1500                        143 125 (133)                         0.62 (0.50--0.78)                         0.72 (0.57--0.90)
  *P* value for trend          ...                                   \<0.0001                                  0.003
  Total CVD                                                                                                    
  PCE                                                                                                          
  \<5%                         391 108 (865)                         1.00                                      1.00
  5%--\<7.5%                   41 159 (296)                          2.92 (2.53--3.39)                         2.48 (2.12--2.90)
  7.5%--\<10%                  22 119 (223)                          3.94 (3.32--4.68)                         3.31 (2.76--3.98)
  ≥10%                         28 820 (476)                          6.21 (5.29--7.30)                         5.09 (4.24--6.12)
  *P* value for trend          ...                                   \<0.0001                                  \<0.0001
  Physical activity, kcal/wk                                                                                   
  0--199                       121 364 (647)                         1.00                                      1.00
  200--599                     87 903 (393)                          0.77 (0.68--0.88)                         0.87 (0.76--0.99)
  600--1499                    130 047 (434)                         0.62 (0.55--0.70)                         0.73 (0.65--0.83)
  ≥1500                        143 891 (386)                         0.59 (0.52--0.67)                         0.71 (0.63--0.81)
  *P* value for trend          ...                                   \<0.0001                                  \<0.0001

CHD indicates coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; and PCE, pooled cohort equation.

Adjusted for age; randomized treatment assignment; smoking status; consumption of alcohol, saturated fat, fiber, fruits, and vegetables; menopausal status; postmenopausal hormone use, parental history of myocardial infarction \<60 years of age; physical activity (PCE model); PCE (physical activity model).

###### 

HRs (95% CIs) of CHD, Stroke, and Total CVD for Being Physically Active (≥500 kcal/wk) Within Categories of PCE

  Variable                    No. of Events   Age‐ and Treatment‐Adjusted HR (95% CI)   Multivariable HR (95% CI)[a](#jah33218-note-0006){ref-type="fn"}
  --------------------------- --------------- ----------------------------------------- ------------------------------------------------------------------
  CHD                                                                                   
  All women                   458             0.57 (0.47--0.68)                         0.64 (0.53--0.77)
  PCE                                                                                   
  \<5%                        189             0.75 (0.57--1.01)                         0.78 (0.58--1.05)
  5%--\<7.5%                  75              0.78 (0.49--1.23)                         0.77 (0.48--1.24)
  7.5%--\<10%                 60              0.58 (0.34--0.98)                         0.57 (0.33--0.98)
  ≥10%                        134             0.47 (0.32--0.68)                         0.51 (0.35--0.74)
  *P* value for interaction   ...             0.06                                      0.10
  Stroke                                                                                
  All women                   650             0.70 (0.60--0.82)                         0.78 (0.66--0.91)
  PCE                                                                                   
  \<5%                        301             0.82 (0.65--1.04)                         0.89 (0.70--1.13)
  5%--\<7.5%                  94              0.73 (0.48--1.10)                         0.71 (0.47--1.08)
  7.5%--\<10%                 86              0.91 (0.59--1.39)                         0.91 (0.59--1.41)
  ≥10%                        169             0.60 (0.44--0.82)                         0.59 (0.43--0.82)
  *P* value for interaction   ...             0.31                                      0.36
  Total CVD                                                                             
  All women                   1860            0.67 (0.61--0.73)                         0.73 (0.66--0.80)
  PCE                                                                                   
  \<5%                        865             0.78 (0.68--0.89)                         0.84 (0.73--0.97)
  5%--\<7.5%                  296             0.79 (0.63--1.00)                         0.78 (0.61--0.98)
  7.5%--\<10%                 223             0.68 (0.52--0.89)                         0.68 (0.52--0.90)
  ≥10%                        476             0.64 (0.53--0.77)                         0.64 (0.53--0.78)
  *P* value for interaction   ...             0.13                                      0.17

CHD indicates coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PCE, pooled cohort equation.

Adjusted for age; randomized treatment assignment; smoking status; consumption of alcohol, saturated fat, fiber, fruits, and vegetables; menopausal status; postmenopausal hormone use; and parental history of myocardial infarction \<60 years of age.

We found little evidence that the association between physical activity and CHD, stroke, or total CVD was different among women, according to their global cardiovascular risk (Table [3](#jah33218-tbl-0003){ref-type="table"} and Table [S2](#jah33218-sup-0001){ref-type="supplementary-material"}). Leisure‐time physical activity was associated with lower CVD risk across categories of PCE and RRS. For total CVD, the HR for physically active compared with inactive women was 0.84 (95% CI, 0.73--0.97) among women with PCE \<5%, 0.78 (95% CI, 0.61--0.98) among women with PCE 5% to \<7.5%, 0.68 (95% CI, 0.52--0.90) among women with PCE 7.5% to \<10%, and 0.64 (95% CI, 0.53--0.78) among women with PCE ≥10% (*P*=0.17 for interaction). Similar results were seen for cardiovascular risk, as determined by the RRS as well. Although the association between physical activity and CVD appeared stronger in some strata compared with others, none of the interactions between PCE or RRS and physical activity were statistically significant.

The joint associations of leisure‐time physical activity and PCE on risk of incident CVD is shown in the [Figure](#jah33218-fig-0001){ref-type="fig"}. Although risk of incident CVD increases substantially as PCE increases, within each category, women who were active had lower CVD risk than women who were inactive. Overall, inactive women with PCE ≥10% had 7.98 (95% CI, 6.65--9.59) times the rate of CVD compared with active women with PC risk \<5%. Likewise, for RRS, inactive women with RRS ≥20% had 11.99 (95% CI, 9.37--15.34) times the rate of CVD compared with active women with RRS \<5% (Figure [S1](#jah33218-sup-0001){ref-type="supplementary-material"}).

![Age‐ and treatment‐adjusted hazard ratios (HRs) for total cardiovascular disease (CVD) for the joint association between physical activity and pooled cohort equation. The models included age and randomized treatment assignment. All HRs were significant at *P*=0.01. *P*=0.13 for interaction.](JAH3-7-e008234-g001){#jah33218-fig-0001}

Time spent walking per week was also associated with significantly lower CVD risk (Table [S3](#jah33218-sup-0001){ref-type="supplementary-material"}). Women who reported walking ≥2.5 h/wk had an HR for CVD of 0.64 (95% CI, 0.56--0.73) compared with women who did not walk. In general, the inverse association between walking and incident CVD held across various categories of cardiovascular risk (Table [S4](#jah33218-sup-0001){ref-type="supplementary-material"}).

Discussion {#jah33218-sec-0016}
==========

In this large prospective cohort of women from the WHS, leisure‐time physical activity was significantly inversely associated with incident CHD, stroke, and total CVD, independent of traditional cardiovascular risk factors. Level of global cardiovascular risk, as estimated by the PCE and RRS models, did not modify the inverse association between physical activity and CVD. That is, habitual leisure‐time physical activity was inversely associated with risk of CVD, with risk reductions of similar magnitude, across groups of women according to the PCE and RRS. Furthermore, results were similar for MI and stroke when examined separately.

Similar to prior studies, we found that physical activity was independently associated with risk of incident CVD after adjusting for risk scores that included traditional cardiovascular risk factors as well as inflammation, family history, and hemoglobin A~1c~. Among middle‐aged men and women in Australia, Dhaliwal and colleagues found that, after adjusting for both the Framingham Risk Score and waist/hip ratio, individuals reporting the highest amount of recreational physical activity had an odds ratio of 0.35 (95% CI, 0.13--0.98) for CVD mortality compared with individuals reporting the lowest amount of physical activity.[11](#jah33218-bib-0011){ref-type="ref"} Likewise, based on data from the WHI‐OS, Paynter et al found that women reporting ≥21.1 MET‐h/wk of physical activity, compared with 0 to 1.4 MET‐h/wk, had HRs of 0.67 (95% CI, 0.51--0.87) and 0.65 (95% CI, 0.50--0.85) for incident CVD after adjusting for other lifestyle factors and components of the PCE and RRS, respectively.[12](#jah33218-bib-0012){ref-type="ref"} These estimates are similar to that from the current study (HR, 0.72; 95% CI, 0.63--0.82), whereas the estimate from the study by Dhaliwal et al^11^ is a bit stronger. A possible explanation for the difference is that all individuals in the high category of physical activity in the study by Dhaliwal et al,^11^ which included younger men and women, may have exercised at a higher level than the older women in our study and the WHI‐OS. In addition, the study by Dhaliwal et al^11^ only adjusted for components of the Framingham risk score and waist/hip ratio, so there may be residual confounding by other lifestyle factors.

Previous studies have shown that physical activity is beneficial for prevention of CVD in subgroups of individuals at high CVD risk. Among diabetic women in the NHS (Nurses' Health Study), Hu and colleagues found that those who reported ≥7 h/wk of moderate to vigorous physical activity had a 45% lower risk of incident CVD compared with women reporting \<1 h/wk.[5](#jah33218-bib-0005){ref-type="ref"} In addition, they found that walking alone was also inversely associated with CVD in women with DM.[5](#jah33218-bib-0005){ref-type="ref"} In a study among individuals with hypercholesterolemia, Williams and Franklin found that ≥3.6 MET‐h/d of running or walking compared with ≤1.07 MET‐h/d was associated with a 37% lower risk of fatal CVD and a 26% lower risk of nonfatal CVD after adjusting for other risk factors.[8](#jah33218-bib-0008){ref-type="ref"} In a study of 470 163 Taiwanese adults, Li et al reported that, among hypertensive individuals, risk of mortality was 37% higher for those who were inactive compared with those who were active.[6](#jah33218-bib-0006){ref-type="ref"} Among participants in the Harvard Alumni Health Study, Paffenbarger et al found that men with a high level of physical activity (≥2000 kcal/wk) had lower rates of heart attack than those with a low level of physical activity (\<2000 kcal/wk), even in the presence of various cardiovascular risk factors, including older age, smoking, and obesity.[9](#jah33218-bib-0009){ref-type="ref"} In a follow‐up to this analysis, Sesso and colleagues found that, among men with multiple (≥4) CVD risk factors, those who were more active had reduced CHD risk compared with those who were less active.[10](#jah33218-bib-0010){ref-type="ref"} It is not surprising that physical activity is associated with lower risk of CVD in these high‐risk subgroups because many of the mechanisms for the benefits of exercise include improvements in several of these cardiovascular risk factors, including blood pressure, lipoprotein levels, and glucose tolerance.[19](#jah33218-bib-0019){ref-type="ref"}, [20](#jah33218-bib-0020){ref-type="ref"}, [21](#jah33218-bib-0021){ref-type="ref"}

Prior studies have investigated whether physical activity attenuates CVD risk among individuals with a cluster of metabolic abnormalities, but the data are limited. Hamer and Stamatakis examined physical activity among the metabolically healthy and unhealthy, as determined by blood pressure, high‐density lipoprotein cholesterol, DM, waist circumference, and C‐reactive protein.[22](#jah33218-bib-0022){ref-type="ref"} Among participants with ≥2 metabolic risk factors at baseline, those who reported engaging in moderate‐to‐vigorous physical activity ≥3 times per week had an HR for CVD mortality of 0.63 (95% CI, 0.40--0.99) compared with those who reported none. Similar findings have been reported in a few other cohort studies for physical activity[23](#jah33218-bib-0023){ref-type="ref"}, [24](#jah33218-bib-0024){ref-type="ref"}, [25](#jah33218-bib-0025){ref-type="ref"} as well as for physical fitness.[26](#jah33218-bib-0026){ref-type="ref"} In a meta‐analysis examining cardiorespiratory fitness as a predictor of all‐cause mortality and CHD/CVD, results from 8 cohort studies indicated that each MET higher level of maximal aerobic capacity correlated with an 11% (95% CI, 7%--15%) lower risk of CHD/CVD among individuals with \>3 metabolic factors.[26](#jah33218-bib-0026){ref-type="ref"}

This study is a significant contribution to the literature because we used both the PCE and the RRS to estimate level of global cardiovascular risk and showed that recreational physical activity was associated with a lower rate of incident CVD, even among adults at highest CVD risk. The US Preventive Services Task Force recommends diet and physical activity counseling in adults at high risk for CVD.[27](#jah33218-bib-0027){ref-type="ref"} They found that intensive diet and physical activity behavioral counseling in adults with CVD risk factors resulted in consistent improvements in several intermediate outcomes (total cholesterol, low‐density lipoprotein, systolic blood pressure, diastolic blood pressure, fasting glucose, DM incidence, and weight outcomes). However, the US Preventive Services Task Force found that limited evidence was available for decreases in CVD rates.

Strengths of our study include its prospective design, the large sample size, detailed assessment of physical activity collected multiple times during the study, and long duration of follow‐up. However, limitations include the fact that physical activity was self‐reported, so measurement is less precise. Nonetheless, this questionnaire has been previously validated in a similar study population.[15](#jah33218-bib-0015){ref-type="ref"} Another limitation is that our study only included predominantly white women of higher socioeconomic status and may not be generalizable to other groups. Future work should seek to replicate these findings in more diverse nationally representative samples. In addition, we could only estimate level of cardiovascular risk on the basis of the PCE and RRS at baseline because that was the only time blood was collected from study participants. Finally, although results from this study support physical activity for CVD prevention in women at high cardiovascular risk, we are unable to make inferences specifically about initiation of physical activity in high‐risk women based on the current analysis.

In conclusion, in this large prospective cohort of women, level of global cardiovascular risk did not modify the inverse association between leisure‐time physical activity and risk of incident CVD. The present findings suggest that women with low as well as high cardiovascular risk can benefit from regular exercise. Thus, promoting physical activity is particularly important in women with high cardiovascular risk, because their absolute rate of disease is high. This information is important not only for clinicians, but also for informing the 2018 update to the present federal physical activity guidelines (<https://health.gov/paguidelines/second-edition>).
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**Table S1.** Hazard Ratios (95% CI) of Coronary Heart Disease (CHD), Stroke, and Total Cardiovascular Disease (CVD) According to Categories of the Reynolds Risk Score

**Table S2.** Hazard Ratios (95% CI) of Coronary Heart Disease (CHD), Stroke, and Total Cardiovascular (CVD) for Being Physically Active (≥500 kcal/week) Within Categories of the Reynolds Risk Score

**Table S3.** Hazard Ratios (95% CI) of Total CVD According to Time Spent Walking Per Week

**Table S4.** Hazard Ratios (95% CI) of Total CVD for Walking (≥1 h/week Versus \<1 h/week) Within Categories of Pooled Cohort Risk or Reynolds Risk Score

**Figure S1.** Age‐ and treatment‐adjusted hazard ratios (HR) for total CVD for the joint association between physical activity and Reynolds Risk Score.
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